Retarded growth, lethargy, motor retardation, and tremor were observed in all offspring from dams subjected to vitamin deficiency during pregnancy or shortly after delivery of litters. Renal development in these animals was delayed and the degree of retardation depended upon the time of initiation of the deficient diet. Uremia, lethargy, motor retardation, and tremor coincided with this maturational delay. T h e degree of reduction of vitamin B 6 in liver and brain bore no systematic relation to the degree of deprivation. Moreover, all symptoms were consistent with the effects of uremia alone. Although cellular mitotic rates were clearly decreased in deprived animals, there was no apparent failure of glomerular neogenesis from diverse vascular, tubular, and subcapsular cellular components.
Introduction
tamin B, 181 and isolatable myelin r71 are quantita--A Vitamin B6 is essential to growth and survival of the tively decreased. In addition, there are both increases rat. If dams are subjected to a vitamin B6-deficient diet in the relative proportion of certain individual amino during pregnancy or shortly after delivery of litters, acids in whole brain and decreases in the relative prothe growth of pups is retarded and approximately portions of others [8] . It remains to be seen to what 90% of the die between the 14th and lgth extent these observed anomalies in the composition of postnatal day [8] . cerebral tissue are direct consequences of failure in vitamin B, is a in metabolic transvitamin B,-dependent enzyme systems. These cerebral formations of amino acids and may also be involved in changes may be indirect consequences of a general the synthesis of compIex lipids. ~h~~ far little is cellular or systemic metabolic failure caused by viknown, however, about those specific metabolic detamin B, deprivation. They may be the consequence rangements, caused by vitamin B6 deprivation, which of uremia, known to occur in vitamin B6-deficient rats lead ultimately to failure of growth and death of the (1) (2) (3) 6) and mice [lo] . It was suggested that elevated developing animal. Only cerebral tissue has been exblood urea nitrogen (BUN) reflected increased oxidaamined systematically, where the content of both vition of amino acids for energy production. However, the possibility that uremia may be the consequence of structural alterations of the kidney was not investigated. T h e purpose of this study is to examine the effect of vitamin B, deprivation on the developing organism by employing simple clinical, morphologic, and biochemical methods of analysis.
Methods and Materials Animals
Rats [16] , pregnant 1 day, were purchased from Charles River Breeding Laboratories [17] . Upon arrival, they were divided into five groups and were housed separately in polycarbonate cages [I81 which contained Sani-Chips [19] as a bedding material. All [12, 141 and total serum protein by the method of Weichselbaum [15] .
Morphologic. Liver, kidney, heart, lung, and spleen were excised immediately after decapitation. Tissue were fixed in 10% buffered neutral formalin and embedded in paraffin. Blocks were cut at 6-pm sections and stained with either periodic acid-Schiff reagent or hematoxylin and eosin [ll] . Brains were embedded in albumin-gelatin. Frozen sections were cut at 30 pm and stained with cresylviolet r41. Separate brain sections were stained for myelin by-the ~o i e z method [9] . Biochemical. T h e content of pyridoxal-5'-phosphate in liver and brain samples was quantitated by the tyrosine apodecarboxylase method [13] as described previously by this laboratory [8] .
litters were reduced to eight pups per dam within 24 hr after birth.
Results
Clinical 0 bservations Diets and Ex fierimental Design -
T h e French [5] vitamin B6-deficient diet [20] , used by Kurtz et al. [8] , was offered to dams at 1 day (group I,), 1 week (gl-oup IZ), 2 weeks (group ZZZ), and 3 weeks (group ZV) after mating. Control dams (group V ) were fed conventional laboratory chow [19] throughout these experiments.
Offspring from groups I-ZV were killed at 10 and 12 postnatal days while offspring from group ZV only were killed at 19 days. Animals were decapitated and blood was collected for hematologic study. T h e visceral organs were autopsied and tissues were excised immediately for histologic and vitamin BG analysis. Representative offspring from each group were also killed by intercardiac perfusion with 10% formalin under ether anesthesia. Brains from these animals were excised after perfusion and immersed in 10% formalin for histologic study. Control offspring of similar ages were also harvested and killed for comparative studies.
Analytic Pal-anzeters
Clinical obsel-vations. Body weight, color and texture of hair, general behavior, ability to nurse and ambulate, and various other motor functions including, gait, posture, and miscellaneous adventitial movements were assessed several times daily as appropriate, starting from birth until the animals were killed. Blood from two equivalent decapitated animals was pooled, allowed to clot, and centrifuged at room temperature. T h e BUN was determined by the diacetyl monoxime method with a Technicon AutoAnalyzer Body weights of animals in all experimental groups did not differ significantly from those of control animals through the 1st postnatal week of life. During this period the pups nursed in normal fashion and had no difficulty locating the dam. Animals struggled vigorously to free themselves when held and could right themselves quickly when placed on their backs.
Animals of groups Z and IJ, that is, those whose dams had been vitamin BG deprived from the 1st day and 1st week after mating, respectively, began to fail beyond the 7th postnatal day. Failure was not apparent in animals of gl-ozlp IIZ until 10 days and in group ZV until 16 postnatal days. Vitamin B6 had not been withheld in these later two groups until after the 2nd and 3rd gestational weeks, respectively.
T h e symptoms and signs of failure were similar in each group. Initially, young failed to gain weight ( Fig.  l) , they appeared increasingly lethargic, they were less able to nurse and ambulate in the bedding material -and in general moved about very little. A whole-body tremor was evident when the animals were upright and they were no longer able to resume an upright position if rolled over on their backs. Most animals eventually appeared moribund.
T h e values for BUN for all animals between the 10th and 19th postnatal days is shown in Figure 2 . T h e BUN concentration of control animals was unchanged through the 3rd postnatal week, whereas dramatic increases occurred in all of the experimental animals. I n each group this increase appeared to coincide with retarded growth, lethargy, motor retardation, and tremor. T h e BUN was already elevated in animals of group I (90 mg/100 ml) and group I1 (52 mg/100 ml) at 10 days of age, the earliest determination, but was normal in g~ozlps IIiI and IV at 10 postnatal days. T h e BUN in group 111 animals had risen to 98 mg/100 ml by 12 days of age, a level more than double the control value for the same age. In group I V , the BUN remained normal during the 10-12 day periocl, but hacl increased to 144 mg/100 ml by the 19th postnatal day. Total serum protein values and the morphology of the form elements of the blood (erythrocytes, leucocytes, platelets) were normal. Total leucocyte counts and hematocrits were not determined. Morphology. Massive hemorrhage was observed in the brains of three vitamin B,-deficient animals, 12 days old (one from grozrp I and two from grozip IJZ). This finding was the only macroscopically evident abnormality encountered at necropsy. Histologic abnormalities were present, however, in kidney, spleen, and brain of animals autopsied between the 10th and 19th postnatal days.
DAMS ON B6 -DEFICIENT DIET FROM:
Kidney. Renal glomeruli in the subcapsular region of the kidney were relatively undifferentiated at 10 1.9- postnatal days as judged by their small size, simple capillary lobulation, globular form of capsular cells (Fig. 5A) , and high degree of basophilic staining in hematoxylin and eosin preparations. By these criteria, those lying more deeply in the cortex were relatively more advanced in their development and the deepest lying were essentially mature. T h e tubules follow a similar "inside-out" gradient of maturity. Cells of more externally located proximal and distal tubules were relatively small and basophilic; those of more centrally located tubules were larger with eosinophilic granular cytoplasm. At the 10th day, mitoses were still abundant in tubular cells at all cortical levels including the most central (Fig. 6 ). Between the 10th and 19th postnatal days, differentiation of all cellular elements proceetled rapidly from "inside-out" so that by the end of the 3rd week the configuration of superficially located glomeruli and tubules was essentially mature (Fig.  5C ) and mitoses among tubular cells, although present, were relatively infrequently encountered.
T h e renal cortex of animals deprived of vitamin BG was constituted of all the normal elements with a normal "inside-out" gradient of morphologic maturity. However, the pace of differentiation was retarded in all deficient animals and the degree of retardation depended upon the time of initiation of the deficient diet. Retardation was already dramatic among g~-oz~ps I and ZI at 10 days of age (Fig 5B) . Although already eviclen~ at day 10, these changes became as severe in group I I I at 12 days and groz~p IF' at 19 postnatal days (Fig. 5 0 ) . Mitoses were rarely observed in any of the deprived animals, even as early as 10 postnatal days. I n no specimens was the retarded development associated with histologic evidence of tissue necrosis or inflammatory process.
Spleen. Capillary sinuses and lymphoid follicles were the predominant structures of the spleen in both normal and vitamin B,-deficient animals. T h e relative proportions of germinal follicles, as judged by a crosssectional area, increased from approximately 20% to 80% between the 10th and 19th postnatal days in the normal and from only about 10% to 50% in deficient animals. Assessment of follicle development in vitamin B,-deficient animals was made at 10 and 12 days in groups I-ZV and at 19 days in grozip XV. T h e relative proportion of germinal follicles was normal in gl-ozlps IZZ and I V at 10 days. An additional abnormality in deficient animals was the accumulation of hemosiderin in the reticuloendothelial cells of the sinuses during this interval.
DAMS ON B6-DEFICIENT DIET FROM:
C 
Brain. Hemorrhages were visible macroscopically in
group ZIZ killed at day 12. These animals appeared no the frontal regions of the cerebral hemispheres, bilatermore moribund than other vitamin B,-deficient anially, of one animal in group Z and two animals of mals 24 hr before killing. T h e erythrocytes appeared to be fresh. There was neither histologic evidence of tissue necrosis nor macropllage, glial, or inflammatory reaction. Elsewhere in brain tissue, n o abnormality in neuronal pattern, fiber tracts, or glial elements was observed. T h e degree of myelination could not be judged because the myelin stains attempted on frozen sections were unsuccessful. Other organs. Myocardium and the endothelium of the heart, the alveolar, bronchial, and vascular components of the lung, and the parenchymatous, vascular, and ductile elements of the liver were all normal in vitamin BG-deficient young.
Discussion
A summary of the ages at which retarded growth, uremia, and other clinically evident symptoms were detected in vitamin BG-deprived offspring is presented in Table I . When deprivation was initiated in the pregnant dam before the 2nd gestational week, i.e., grotips I and 11, retarded growth appeared by the beginning of the 2nd postnatal week, followed by lethargy, motor retardation, and tremors. At this time the animals were found to be severely uremic and the (Fig. 1 ) uremia accompanied a dramatic retardation in development in the glomerular and tubular elements of the renal cortex. When the vitamin B,-deficient diet was instituted at the end of the 2nd gestational week (groz~p ZZZ), retarded growth appeared on about the 10th postnatal clay. Other clinically evident symptoms, including elevation of BUN, were detected at 12 days. In these animals, morphologic evidence of retarded renal development was already evident on the 10th postnatal day; however, degree of retardation appeared not as severe as in gl-oups I and I1 until 12 postnatal days. Finally, when deprivation was instituted nearer the time of birth, i.e., group ZV, retarded growth was observed at 16 postnatal days followed by lethargy, motor retardation, ancl tremor on the 19th postnatal day. T h e later changes were again coincident with significant elevation in the BUN. Morphologic evidence of retarded renal development was present at 10 and 12 postnatal days. Again, the degree of retardation was not comparable with groups 1-111 until 19 days.
V a l u e s i n parentheses are t h e n u m b e r o f days elapsed, a f t e r m a t i n g , before depriving d a m s o f vitamin Be.

Interval i n w h i c h t h e rate o f increase i n b o d y weight diininished
T h e earliest detected effect of vitamin B, deprivation in these animals was retardation in growth. [7] may be a direct consequence of decreased availability of pyridoxal-5'-phosphate. Alternately, these abnormalities may be the oements consequence of more general metabolic deran, caused by uremia. T h e degree of reduction of pyritloxa1-5'-phospl1ate in liver and brain bore no systematic relation to the degree of deprivation. Moreover, all symptoms were consistent with the effects of uremia alone.
These observations suggest an important role of vitamin B, in kidney development, although the specific role of the vitamin in renal development is obscure. Although cellular mitotic rates were clearly decreased in deprived animals, there was no apparent failure of glomerular neogenesis from diverse vascular, tubular, ant1 subcapsular cellular components. T h e absolute number of glomeruli might, of course, have been reduced. As in the normal, the gradient of maturation was from inside-outward with the most superficially located elements the most delayed in maturation. T h e rates of this maturation process were clearly delayed by the deficient state. I t remains to be determined, however, whether this was caused by specific or more general metabolic consequences of decreased availability of the cofactor. I t is possible that our observations might be caused, in part, by reduced food intake by vitamin B,-deficient young. Studies directed toward examining the morphology of the kidney in vitamin U,,-deprived animals, before the earliest age examined here (10 days), are under way currently in this laboratory.
S u m m a~y
Developing animals deprived of vitamin B, during pregnancy or postnatally failed to gain weight, became torpid and inactive, and developed tremors. Symptoms of vitamin B, deprivation coincided with a delay in tlev~lopment of the renal cortex and uremia.
